Failures of episodic retrospective memory (RetM) are among the most frequently reported cognitive complaints endorsed by individuals living with HIV infection. The present study sought to examine the nature, frequency, and determinants of self-reported complaints of prospective memory (ProM) in HIV, which is a singly dissociable and ecologically relevant aspect of episodic memory involving the execution of future intentions. Seventy-five HIV seropositive individuals and 60 seronegative volunteers were administered the Prospective and Retrospective Memory Questionnaire (PMRQ) as part of extensive neuropsychological, psychiatric, and medical research assessments. The HIV sample endorsed more frequent ProM complaints in daily life than the seronegative group, particularly on items requiring self-initiated cue detection and retrieval. Within both study groups, ProM complaints were significantly more frequent than RetM complaints. Although the HIV sample was impaired relative to the seronegative group on an objective, performance-based ProM test, self-reported ProM complaints did not correspond to actual ProM abilities. However, greater frequency of self-reported ProM complaints was moderately associated with increased fatigue, as well as with symptoms of anxiety and depression. Consistent with prior research on RetM in HIV, results indicate that affective distress contributes to a metamemory deficit for HIV-associated ProM impairment, which highlights the potential importance of assessing both self-reported and performance-based ProM in clinical and research neuroAIDS evaluations.
Method

Participants
The study sample included 75 HIV seropositive persons (HIV+) as indicated by enzyme linked immunosorbent assays and a Western Blot confirmatory test and 60 seronegative healthy comparison volunteers (HC). All HIV+ participants and 57% of the HC sample (n = 34) were recruited to participate in a Federally-funded, observational study of ProM in HIV, whereas the remaining 43% (n = 26) of the HC participants were evaluated as part of their participation in the HIV Neurobehavioral Research Center. As such, not all ancillary measures (e.g., non-ProM cognitive tasks) were available for these 26 HCs. The University Human Research Protections Program approved these studies. Potential participants were excluded if they reported a history of psychiatric (e.g., mental retardation, psychotic disorders, learning disabilities, attention-deficit/hyperactivity disorder, and bipolar disorder) or neurological (e.g., seizure disorders, closed head injuries with loss of consciousness greater than 15 min, and central nervous system neoplasms or opportunistic infections) diagnoses. Additionally, participants were excluded if they met Diagnostic and Statistical Manual of Mental Disorders (DSM-IV; American Psychiatric Association, 1994) criteria for substance dependence within the past six months (e.g., cocaine or methamphetamine dependence) or if they exhibited a positive urine toxicology screening for illicit substances on the day of evaluation. Table 1 displays the demographic and psychiatric characteristics of the study groups, who were comparable for age, education, and ethnic identity (all ps > 0.10). There was, however, a significantly greater proportion of women in the HC sample, χ 2 (1, 133) = 27.9, p < .0001. As concerns the clinical and treatment characteristics of the HIV+ group at the time of evaluation, approximately 92% were diagnosed with AIDS and the median HIV RNA viral load (log 10 c/ml) in plasma was 1.69 (interquartile range [IQR] = 1.69, 2.87). The median current and nadir CD4 lymphocyte counts were 524 (IQR = 325, 801) and 195 (IQR = 44, 323) cells/l, respectively. Seventy-seven percent of individuals in the HIV+ cohort were prescribed highly active antiretroviral therapies (HAART).
Materials and procedure
After providing written, informed consent, all participants completed the Prospective and Retrospective Memory Questionnaire (PRMQ; Smith, Della Sala, Logie, & Maylor, 2000) . The PRMQ is a 16-item, self-report inventory that measures the frequency with which perceived memory difficulties occur in everyday life on a 5-point Likert-type scale that ranges from 1 ("never") to 5 ("very often"). The PRMQ includes eight RetM complaints, for example: "How often do you forget something that you were told a few minutes before?" The remaining eight items target ProM complaints, which are separated into four self-cued (e.g., "How often do you forget appointments if you are not prompted by someone else or by a reminder, such as a diary or a calendar?") and four environmentally-cued (e.g., "How often do you forget to buy something you planned to buy, like a birthday card, even when you see the shop?") ProM complaints. Prior research supports the internal consistency (Cronbach's alphas ≥.80), factor structure (Crawford, Smith, Maylor, Della Sala, & Logie, 2003) , and predictive validity (Smith et al., 2000; Zeintl, Kliegel, Rast, & Zimprich, 2006) of the PRMQ.
The following tests were selected from the broader neuropsychological battery to evaluate their correspondence with self-reported ProM complaints: (1) Self-Ordered Pointing Task (SOPT Total Errors; Petrides & Milner, 1982) ; (2) California Verbal Learning Test -Second edition (CVLT-II Long Delay Free Recall; Delis, Kramer, Kaplan, & Ober, 2000) ; (3) Tower of London -Drexel (ToL Total Move Score; Culbertson & Zilmer, 2001 ); (4) Trail Making Test (TMT Part B minus A; Reitan & Wolfson, 1985) ; and (5) the Memory for Intentions Screening Test (MIST Summary Score; Raskin, 2004) . The MIST is a standardized test with scores ranging from 0 to 48 that is comprised of eight ProM tasks, which are counterbalanced on the following characteristics: (1) a 2-min or 15-min delay; (2) a verbal (e.g., "In 2 min, ask me what time this session ends today") or physical (e.g., "In 15 min, use that paper to write down the number of medications you are currently taking") response; and (3) a time-based (e.g., "In 15 min, tell me that it is time to take a break") or event-based (e.g., "When I hand you a postcard, self-address it") cue. Word search puzzles are provided as a distracter task to prevent overt rehearsal of the prescribed intentions. Prior research supports the construct validity of the MIST in healthy adults Raskin, 2004) , schizophrenia (Woods, Twamley, Dawson, Narvaez, & Jeste, in press) , and HIV disease (Beauvais et al., 2005; Carey et al., 2006; Woods et al., 2006) .
Finally, the Profile of Mood States (POMS; McNair, Lorr, & Droppleman, 1981) and Composite International Diagnostic Interview (CIDI version 2.1; World Health Organization, 1998) were administered to assess affective distress and provide relevant psychiatric diagnoses. The POMS is a 65-item, self-report measure of current mood states in which participants rate various adjectives (e.g., "sluggish") and brief phrases (e.g., "sorry for things done") on a 5-point Likert-type scale ranging from 0 ("not at all") to 4 ("extremely"). Items on the POMS comprise several different subscales, including Depression-Dejection, Tension-Anxiety, and Fatigue-Inertia, for which higher scores indicate greater distress. The CIDI is a computer-assisted structured interview used to provide lifetime DSM-IV diagnoses of major depressive disorder, generalized anxiety disorder, and substance-related disorders (i.e., operationalized herein as the presence of alcohol dependence and/or any drug dependence greater than six months prior to assessment).
Statistical analysis
The study sample provided sufficient statistical power for the primary analyses to detect medium univariate between-group (N = 135, α = .05, β = 0.82) and correlational within-group (HIV+ n = 75, α = .05, β = 0.82) effect sizes (Erdfelder, Faul, & Buchner, 1996) . A repeated measures analysis of variance (ANOVA) was conducted with HIV serostatus (HIV+ versus HC) and memory type (ProM versus RetM) as the between-and within-subjects factors, respectively. Planned follow-up comparisons were made using a series of independent-and paired-samples t-tests, or their nonparametric equivalents (e.g., Wilcoxon Rank Sums Test) as determined by the Shapiro-Wilk W Test (p < .05). The unbiased Cohen's d statistic was used as an estimate of effect size (Hedges & Olkin, 1985) . In an effort to minimize Type I error, predictors of ProM complaints were selected on an a priori basis. For continuous variables, Pearson product-moment correlation coefficients (or the nonparametric Spearman's rank order correlation coefficient) were used to evaluate relationships between the PRMQ and psychiatric factors, neuropsychological functioning, and HIV disease severity. The chi-square statistic was used for analyses consisting entirely of categorical variables. Finally, any variables that demonstrated significant associations with ProM complaints in the HIV+ cohort were simultaneously entered as predictors into a linear regression.
Results
Descriptive data and statistical results for the PRMQ are shown in Table 2 . Main effects were observed for HIV serostatus (F [1,133] = 6.5, p = 0.012) and memory complaint type (F [1,133] = 86.3, p < 0.0001). The HIV × memory interaction term was not statistically significant, F < 1. Follow-up pairwise comparisons revealed that the HIV group reported more frequent complaints on both PRMQ ProM and PRMQ RetM scales (ps < .05). In the HIV+ sample, PRMQ ProM complaints were more frequent than PRMQ RetM complaints, z = −784.0, p < .001, Cohen's d = 0.42 (95% confidence interval = 0.10, 0.75). The HIV effect on the PRMQ ProM scale was primarily driven by self-cued (p < .05) rather than environmentally-cued (p > .20) complaints, with the former being significantly more frequent than the latter within the HIV+ group, z = −423.5, p < .001, Cohen's d = 0.24 (95% confidence interval = 0.08, 0.57). Post hoc analyses revealed no main effect of sex, nor an interaction between sex and HIV serostatus in predicting any PRMQ variable, Fs < 1.
As displayed in Table 2 , the HIV+ cohort was impaired relative to the HC group on the MIST (p < .01), even when the potential confounding influences of sex and substance dependence were entered into the statistical model. The HIV+ group also performed below the HCs on the CVLT-II and TMT B-A (ps < .05). However, Table 3 shows that there were no correlations between the PRMQ ProM scale and any objective cognitive test in either the HIV+ or HC study samples (all ps > .10).
PRMQ ProM complaints were not significantly related to HIV disease severity, including current (ρ = −0.03, p = .77) and nadir (ρ = −0.15, p = .23) CD4 counts, HIV RNA in plasma (ρ = 0.08, p = .47), AIDS diagnosis (t = −0.96, p = .37, d = 0.27), or HAART (t = 0.05, p = .96, d = −0.02). Regarding psychiatric characteristics in the HIV+ group, Table 3 ). To evaluate these relationships more closely in the HIV+ sample (n = 75), the POMS subscales were subsequently entered into a linear regression as predictors of PRMQ ProM complaints, which yielded a significant overall model (R 2 = .15, p = .011) to which the fatigue subscale was the only significant contributor (p = .019).
Discussion
To our knowledge, the present study is the first to evaluate the nature, frequency, and predictors of self-reported ProM complaints in HIV disease. Findings revealed that both RetM and ProM complaints are significantly more frequent in HIV-infected individuals than in seronegative volunteers. In both study groups, ProM complaints were significantly more frequent than RetM complaints, suggesting that ProM may be more germane than RetM to self-perceptions regarding day-to-day memory functioning. Follow-up analyses revealed that self-cued ProM complaints were significantly more common than environmentally-cued complaints and were associated with a larger between-groups effect size. In other words, subjective ProM complaints were more frequent on daily tasks that required self-initiated intention monitoring, maintenance, and retrieval strategies than on tasks for which more salient external retrieval cues were available. These data are commensurate with our working hypothesis that HIV infection is associated with a breakdown in the strategic aspects of retrieving future intentions . To this end, Martin et al. (in press) recently reported deficits in objective time-based (i.e., the intended action is performed after a specified time interval), but not event-based (i.e., an external stimulus serves as the intention retrieval cue) ProM in an HIV-infected polysubstance abusing cohort (cf. Carey et al., 2006) . It has been hypothesized that time-based tasks place greater emphasis on self-initiated monitoring and retrieval than those that are event-based (Einstein & McDaniel, 1990) ; although it may be that HIV-associated ProM impairment relates to the specific executive processing demands of the particular task, rather than whether the intention is time-or event-based McDaniel, Guynn, Einstein, & Breneiser, 2004) . Such findings correspond to the general neuropsychological profile of HIV, which is marked by executive dysfunction, bradyphrenia, and bradykinesia, most likely resulting from neuropathology (e.g., synaptodendritic degenerative changes) in the frontal cortex, white matter, and basal ganglia (Ellis, Langford, & Masliah, 2007) .
Extending prior research on RetM in HIV (e.g. Hinkin et al., 1996) , results from this study revealed a metamemory deficit for HIV-associated ProM impairment. ProM complaints were not significantly related to objective neurocognitive tests of working memory, executive functions, RetM, or ProM. The small and nonsignificant association between the PRMQ ProM scale and the MIST was somewhat surprising in the context of the medium effect sizes observed for the between-groups comparisons of these two measures (ds = 0.37 and −0.54, respectively). Moreover, consistent with prior research (e.g., Carey et al., 2006; Martin et al., in press) , the MIST correlated with tests of RetM and executive functions. Nevertheless, the lack of association between the PRMQ and MIST is commensurate with prior literature on the dissociation between perceived and objective ProM in traumatic brain injury (e.g., Hannon, Adams, Harrington, Fries-Dias, & Gipson, 1995) and healthy older adults (Zeintl et al., 2006) . Indeed, the seronegative comparison group in this study evidenced a similar disconnect between objective and perceived ProM. Thus, although laboratory tasks of ProM may account for a very small amount of variance in day-to-day ProM complaints, individuals with HIV infection are prone to misjudge their true ProM abilities. A "metaProM" deficit such as this may increase risk of IADL dependence in persons living with HIV; for example, individuals who overestimate their ProM abilities may avoid using effective compensatory techniques, such as active encoding strategies, external reminders, and/or assistance from care providers (Knight, Harnett, & Titov, 2005) . Underestimation of one's true ProM abilities might also restrict optimal day-to-day functioning (e.g., time and resources spent developing and using unnecessary compensatory strategies), but would ostensively be less likely to threaten independent living. The relationship between expected and actual ProM performance remains to be evaluated in HIV.
Affective distress appears to be a primary contributor to the metamemory deficit for HIV-associated ProM impairment. Higher self-reported levels of current anxiety, depression, and fatigue were significantly associated with increased frequency of ProM complaints. Regression analyses revealed that fatigue was the strongest predictor of ProM complaints, accounting for approximately 10% of the variance. Such findings are not specific to ProM or HIV, as these results are similar to RetM studies in HIV (Millikin et al., 2003) , multiple sclerosis (Middleton, Denney, Lynch, & Parmenter, 2006) and breast cancer (Castellon et al., 2004) . For example, Millikin et al. (2003) found an association (r = .48) between fatigue and self-reported cognitive complaints, but not with objective neuropsychological performance in 68 HIV-infected men. It is not surprising that increased levels of fatigue (e.g., physical and mental sluggishness) in HIV were associated with the perception of increased complaints on self-cued ProM tasks, which place considerable demands on self-initiated monitoring and retrieval strategies. The experience of fatigue is common in persons with HIV infection and is associated with depression, poorer health-related quality of life, and greater functional disability (e.g., Henderson, Safa, Easterbrook, & Hotopf, 2005) . Although these findings are correlational, they suggest that effective pharmacological, cognitive, and/or behavioral management of fatigue may be helpful in reducing the frequency of ProM complaints in HIV.
Given the relatively high frequency of ProM complaints, objective ProM deficits, and evidence of a possible metaProM dissociation, formal assessment of ProM may be integral to the clinical evaluation of neuropsychological functioning in persons infected with HIV. In addition to the self-report PRMQ, several objective, performance-based tasks are available in this regard; for example, a common informal clinical practice is for the examiner to hide an item (e.g., keys) and instruct the patient to request the hidden item at the end of the evaluation (e.g., Bakker, Schretlen, & Brandt, 2002) . However, poorly standardized procedures, a restricted range of scores, the unavailability of normative data, and variable research support limit the usefulness of such techniques. In response, a few standardized measures of ProM have emerged in recent years, including the MIST (Raskin, 2004) and the Cambridge Prospective Memory Test (Wilson et al., 2005) . Although these tests represent a significant advance in the assessment of ProM, their clinical utility is dependent upon future research supporting their psychometric properties and construct validity (especially ecological validity) in healthy volunteers and various clinical groups at risk for episodic memory deficits and associated IADL problems. In particular, the development and validation of demographically-adjusted (e.g., age-corrected) normative standards will be essential to their increased usefulness in clinical practice.
The most salient limitations of the current investigation are the subjective nature of the self-reported ProM complaints and the restricted HIV disease and demographic characteristics of the study samples. In particular, it is possible that the increased frequency of ProM complaints in this HIV cohort reflect a self-report bias, rather than actual daily ProM failures that would threaten independent living. Future studies should include proxy ratings of everyday ProM complaints (e.g., from significant others or caregivers) and/or performance-based measures of ProM-related IADLs (e.g., electronic monitoring of medication adherence) to more effectively evaluate the ecological validity of ProM complaints in HIV. Also of note, the robustness of the HIV disease-related analyses is clearly restricted by the use of a largely healthy study sample. Only 8% were immunosuppressed (i.e., CD4 lymphocyte counts <200 cells/l) and 63% had undetectable HIV viral loads in plasma (i.e., HIV RNA ≤1.69 [log 10 c/ml]) at the time of evaluation. As such, the frequency and predictors of ProM complaints in individuals with more advanced HIV disease remains speculative and should be a target for future research. The immune health of this sample nevertheless represents a conservative bias by showing notably increased ProM complaints and objective deficits in an asymptomatic HIV cohort. The study groups were matched on age, education, and ethnic identity, therefore suggesting that the increased frequency of ProM complaints in HIV is unlikely to be due to demographic factors. Although there was a larger proportion of women in the HC group, no main effect of sex or interaction between sex and HIV serostatus was observed for any of the PRMQ scales. This is consistent with prior studies showing no sex effects on the PRMQ ProM scale in healthy adults (e.g., Crawford et al., 2003) . Nevertheless, the HIV sample was predominately comprised of well-educated men with histories of substance dependence, which may restrict the generalizeability of these data to HIV-infected women with lower levels of education and different transmission risks. Although approximately 73% of adults living with HIV are men, the number of incident AIDS cases continues to rise among women and ethnic minorities (Centers for Disease Control, 2005) .
To summarize, findings from this study indicate that self-reported daily ProM complaints are elevated in persons infected with HIV and are generally more frequent than RetM complaints. Perceived ProM complaints did not correspond to demographics, HIV disease severity, substance dependence, or performance-based ProM deficits, but were instead associated with increased levels of affective distress, most notably fatigue. Extending prior research on RetM in HIV, results support the existence of a mild metamemory deficit for HIV-associated ProM impairment, which highlights the importance of assessing both self-reported and performance-based ProM in clinical and research neuropsychological evaluations of individuals living with HIV. Studies are currently underway in our laboratory to evaluate the construct, ecological, and incremental validity of ProM in HIV disease.
